In the course of the development of an automated immunohematology assay system, we have produced, in prototype form, an instrumental device capable of accepting an unmeasured quantity of whole, anticoagulated blood and deriving from it multiple fixed-volume aliquots of plasma and cells.
Most immunohematology assays performed in blood banking are based upon the detection of the agglutination that usually occurs when a suspension of erythrocytes is treated with antisera possessing antibodies specific for characteristic cellular antigens. Given an unknown blood sample, one wishes to determine both the nature of the cellular antigens as well as the expected and unexpected antibodies present in the plasma. The former is accomplished by adding well-characterized antisera to suspensions of the unknown cells while in the latter case, reagent erythrocytes of known antigenic makeup are added to the unknown plasma. We have been interested in developing an instrumental system for performing such assays in a totally automated fashion.
Our earlier work has dealt with the fundamental problem of detection of erythrocyte agglutination. We have demonstrated that this task can be accomplished dependably by an instrument that monitors the light scattered from discrete particles-single cells or clumps of cells-as they flow in aqueous suspension past a narrow beam of light (1) . A refmed version of the device, consisting of four separate detectionchannels, has been described (2) . It has been shown to be useful not only for the study of reactions involving erythrocyte agglutination2 but also for those involving use of sensitized latex particles (3 While the detector can be used in conjunction with existing continuous-flow instruments, it was felt that a more dependable approach, better suited to the critical demands of the blood bank, would be in order. We believed that a system characterized by discrete handling of each specimen during its entire time of transit through the instrument should be developed. Having achieved a satisfactory detection device, the next major obstacle was the design of the module that would receive the unprocessed specimen and derive from it the necessary cell and plasma fractions, to which the appropriate reagents could be added before the final analysis in the detection module. The development of this sample-preparation technique is the subject of this report.
We had few preconceived notions as to how this task should be accomplished. However, goals did include the development of a device that could be presented with an unmeasured quantity of whole, anticoagulated blood. This blood will most likely be obtained from the "pilot tube" segment of the blood-bag donor tubing, which can be imprinted with a machine-readable identification numberor code.The bloodis then to be separated into a number of fixed volume aliquots of cells and plasma, to be located in discrete chambers to which the appropriate reagent antisera or cells can be added. it is necessary that the operation be rapid and amenable to total automation while remaining mechanically simple. Finally, the approach must retain the capability of maintaining positive identification of the specimen.
Apparatus3
There are three basic components:(a) a variablevolume centrifuge cup, (b) a partitioned collection container, and (c) a mechanical unit containing the necessary motor drives and mechanisms to position the former two components so that they perform properly. ' A U.S. patent is being applied for. An appreciation of the operation of the centrifuge cup may be gained by referring to Figure 1 . Approximately 1 ml of whole blood is transferred to the cup, which is then rotated at 6000 rpm. Immediately upon acceleration, all blood in excess of that which may be contained in the annular space between the outer shell and the inner piston of the cup is expelled, thus providing a fixed-sample volume. With continued rotation, in less than 30s the blood separates into two concentric annuli, the outer consisting of packed erythrocytes, the inner of plasma. At this time, while the cup continues to rotate, the piston is raised a predetermined distance, causing the plasma to be expressed from the cup as a sheet of liquid, propelled radially outward in all directions. The piston then travels the remaining distance to the top of the cup, causing the remaining erythrocytes to be expelled. During this time, the centrifuge cup has been surrounded by the collection container, a conceptual drawing of which is presented in Figure 2 . Notice that it consists of three tiers of chambers. The lowest tier consists of a single chamber and each of the upper two levels are divided by knife edges into multiple, discrete compartments.
The collection container function becomes more evident if we refer to Figure 3 , in which it is shown in section surrounding the centrifuge cup. Notice that the collection container may be moved vertically relative to the centrifuge cup. In Figure 3A it is shown in its highest position as the cup begins to spin. The excess blood strikes the wall of the lowest level of the container and is captured as waste. Before the plasma is expressed, the container is lowered as illustrated in Figure 3B . When the plasma is forced from the cup as a sheet of liquid, it is divided into equal aliquots by the knife edges and captured by the individual chambers. The number of aliquots taken is currently eight, but we need not be restricted to this number. After the plasma is collected, the container is again lowered so that the erythrocytes will be received by the uppermost tier of chambers. (In the idealized illustration, the uppermost tier is divided into 16 wells. This was done to demonstrate how the quantity of erythrocytes taken for each test might be decreased if desired. In this design, alternate chambers are unused for reactions and serve only to receive unwanted excess cells.)
One last feature of the device remains to be explained. The volume of each aliquot of cells and plasma is so small that it would' but wet the container wall and therefore make it very difficult to mix with the small quantity of reagent to be added to each chamber. Therefore, each of the chambers of the collection container is not precisely vertical, but rather its lower end is directed slightly outward. Furthermore, the entire collection container is rotated at 1200 rpm, thus causing each aliquot to be thrust to the bottom of its respective chamber as it is received from the centrifuge cup.
The centrifuge cup has been constructed as well as the mechanical device for spinning it and controlling the movement of the piston. Furthermore, a collection container, similar to but not identical with that illustrated herein, has been fabricated. It has eight plasma and eight cell chambers but does not have the upper-tier waste-erythrocyte compartments. These components are illustrated in Figure 4 .
We have not yet constructed the mechanism for spinning the collection container coaxially around the centrifuge cup. For the purposes of the present evalu- Figures 2 and 3 Notice that since the collection container has not been sptei, some of the plasma and red cells remain outside of their appropriate compartments ation, we allowed the collection container to remain stationary while dividing and receiving the plasma and cells. We then place the container on a separate motor drive in an additional step.
Evaluation
Twenty-four blood samples were separated according to the procedure just outlined. A 4-ml volume of water was added to each cell compartment and the absorbances of the resulting solutions were measured at 570 nm with a Gilford 300N spectrophotometer. The coefficients of variation among the eight measurements within each run ranged from 4 to 22%, the mean being 9%. In 22 of the 24 runs the CV was 12% or less.
To evaluate the degree to which the separated plasma was free from red cell contamination, we performed separations according to the same protocol. Four-milliliter volumes of water were added to both the erythrocyte and plasma chambers. The absorbance of the cell hemolysate exceeded 2. There was no measurable absorbance of the diluted plasma when measured with use of a similar dilution of carefully centrifuged cell-free plasma as a blank.
Discussion
A working model of the sample preparation system has demonstrated its feasibility. The studies made with actual blood samples suggests that cell-free plasma may be obtained. We expect that an optimally designed collectioncontainer will improve the degree of uniformity of the cell and plasma aliquots. Precisely equal aliquots are not actually required by the light-scatter detection system, because it has already been demonstrated that results obtained are independent of cell concentration over a wide range of values (1) .
In seeking a suitable approach to the problem we chose to resort to the use of centrifugal force to shorten the time required for separation. Furthermore, we sought from the outset a design that would allow the centrifuge cup to spin on its own axis. This will greatly facilitate the design of the remainder of the system. We envision a conveyor device that will move a series of containers over a motor drive unit, which will engage each passing container and effect the separation.
We have not yet developed the sample-identification system, but this should not present any great difficulty. The collection containers may either be prenumbered or may be provided with the ability to hold labels transferred from the blood container. It would be quite possible to use as labels the bar-coded segments of blood tubing that serve as pilot tubes. They could simply be placed in grooves provided on the outer surface of the container.
With both an agglutination detector and a sample preparation system developed, the completion of a totally automated blood-banking system now requires the design and construction of a conveyor system, including reagent and diluent dispensing pumps. The application of a small general-purpose computer that will collect and reduce data and provide printed result documents will conclude the task.
